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PROGRESS REPORT NO.  1 

THE FIRE RESISTANT TREATMENT OF TEXTILES 

SUMMAHT 

The development of organophosphorus compounds as fire retardants for 

cotton fabrics has continued.    Compounds are under investigation that may 

provide both wnter-repellency and fire resistance by reaction with 

cellulose in a manner similar to that believed to be the basis for the 

durability of the Zelan process. 

^ Kinetic studies of the pyrolysis of untreated and treated cotton 

fabrics have been discontinued in favor of pure Qotton fiber.    The 

purification of a sample of field cotton is in process. 

An evaluation program of the radiant energy decomposition of un- 

treated and treated cotton is in progress.    This program includes the 

comparison of char and tar resulting from furnace pyrolysis with that 

produced by radiant energy decomposition. 
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RESULTS AND DISCUSSION 
Compound Development 

The development and evaluation of organic compounds as fire re- 

tr,rdantS for cotton fabrics has been continued.    As in the past, the 

emphasis has been directed to organophosphorus compounds, which can be 

polym.ri.ed on the fabric during the curing process to provide a durable 

treatment. 

Di-^-aminoeth.Ylphosphoric Acid MnnnW^^-.^^      An earlier 

progress report from this laboratory1 stated the possibility of tri-yjL 

aminoethyl phosphate  (I) ns a fire-rctardr.nt treatment,    /athou.h this 

compound could not be prepared,   the di-ester. di-^-aminoethylphosphoric 

acid monohydrochloride (II), was obtained according to the method of 

Jackson2 fron: the reaction of phosphorus oxychloride and cthanolamine. 

A slightly alkaline aqueous solution of II and an excess of formaldehyde 

was applied to cotton khaki fabric.     The treated fabric   (21.6*! add-on 

after curing and leaching) was not fire-resistant. 
o o 

i 
o 

H0~p-0CH2 CH^NH^' He I 
I 

I: 

Purability of Treatment, hy Rraction with Cellulose      Chemical 

modification has often been considered as a means of imparting permanent 

fire resistance to cellulosic fabrics.    An earli.r progress report from 

this laboratory considered that such a modification might be produced by 

an amide  of phosphoric  acid,   the  nitrogen of which was provided by the 

reactive ethyleneimine sroup.    A simple model of such a compound. N-N.^tri. 
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ethylene phosphoric triamide (III), was 

started. However, further consideration of 

discontinued because of the report that 

taken a similar study. 

prepared and its evaluation 

such compounds as III has been 

another laboratory has under- 

V->*). 
cH. 

- p->0 

Chemical modification of the hydroxyl 

of providing cotton fabrics with durable wat 

which are of greatest comnerical importance 

repellency to cotton fabrics possess a long 

octadecyl or n-heptadecyl) as the hydrophob 

quarternary ammonium group.     Zelan   (IV)  is 

of this class.    The results of various inves 

durable water-repellency obtained with this 

ification of cellulose to produce stearamido 

ic 

probe 

Ü H 
"  i (B^- 

c/7 ^jr - C-A) - CH, - N . 

A more detailed summary of the chemical reac 

repellency treatments using quartermaiy ammc 

4 

?.ninfi- 

is given in a recent publication4. 

The resistance to laundering and cloa 

agents as Zelan indicate that the coir.bination 

(long chain alkyl radical), an element with 

(phosphorus) and a solubilizing (quartermaiy 

compounds which may provide effective durabl 

repellent treatments for cotton fabric. 

The preparation of compounds of structure 

for water-repellent and flre-retardant propcrti 

groups in cellulose is a means 

er-repollency. The compounds 

in providing durable water- 

chain aliphatic group (n- 

element and a solubilizing 

c.bly the best known compound 

tigations indicated that the 

compound is caused by ethcr- 

"ethyl ether groups. 

C\   +-  CeU~OH 

l^ions involved in water- 

salts of the Zelan type 

a   H 
"    > 

orium 

of such cationic chemical 

of a hydrophobic group 

Lre-retardant properties 

immonium) group will produce 

fire-rctardant and water- 

V, which will be screened 

ies is under investigation. 

J 

/ 
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 >  R0~ p-CHj.-O- Cell 

The following procedure is proposed for the preparation of these compounds: 

>  <ri'CHx-p-Q( 177" 
I 

CI-CH^-^c/  -f ^ oH 
>c/~crt,-/:>-ö/3        177T 

c/ I 
o 
^ ^ v ^ O 

Tho preparation of the intermediate conpounds VI (chloromethylphosphonyl 

dichlorido) and VII (dialkyl chloromcthylphosphonato; R = methyl, ethyl) 

has been reported by Russian investigators5. 

Chloromethylphosphorcrl dichloride (VI) was prepared according to the 

Procedure of Kabachnik and coworkers5 by heating a rnixturo of phosphorus 

trichloride (l molo) and paraformaldehyde (a.67 mole, b.sed on fer.alde- 

hyde) in a s^ll  steel bomb for 20 hours at 200 t 5oC,    The excäss phos_ 

Phorus trichloride was removed from the cooled amber reaction mixture by 

flash distillation. Distillation of the liquid ruSiduc under reduced 

Pressure produced ^g. (^) of the colorless desired product, b.p. 

820C. (12mm.), n^ l.^^l. 

Diethyl chloromothylphosphonate (VII. R = ethyl) ^s prepared5 by the 

dropwise addition of chloromethylphosphonyl dichloride to an excess of 

absolute ethyl alcohol with stirring and cooling. The reaction mixture 

was allowed to increase to room temperature after the addition was 

completed. After removal of excess alcohol, the liquid reSidue was 

f-ction^ted to yield a colorless oil with an ester odor. b.p, ^C 

(l-2mm.)f nD I.436O, in fair yield (41-53^). 

As outlined in the reaction scheme, the preparation of diethylphos- I 

phonomethylpyridinium chloride (V. R = sfhvl^  ^n u • i t «e (V,  H      ethyl) wxll be investigated by inter- I I 

action of di.thyl chlorome-thylphosphonate and pyridine. W 
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( Mechanism of the I^rolytic Deco^osition of Cellulose 

I The study of the pyrolysis rate of cotton fabrics has continued. 

i In Figures 1-^ is given the variation of par cent ch.r with time  for some 

| united cellulose fabrics at various te^eratures. The deposition 

. is first-order as shown in Figures 5-8. In Table I is listed the specific 

rate constants obtained. The enthalpy of activation listed in Table U 

was obtained in the conventional manner from the slope of the straight 

| line obtained from a graphical plot of the logarithm of the rate constant 

against the reciprocal of the absolute temperature. 

Table HI «rizes the first-order specific rate constants in the 

pyrolysis of cotton khaki twill, treated with inorganic compounds. 

The further use of cotton fabric in the study of pyrolysis kinetics 

( has been discontinued. The use of purified cotton, treated and untreated 

has been adopted. A supply of field cotton has been obtained* and carded. 

Purification of this cotton according to the general procedure outlined 

by Conrad is in progress. The history of the purification process will 

be known. The rate of pyrolysis of untreated and treated samples will be 

studied.  In addition, the effect of increasing add-on on the rate will 

be determined. 

TABLE I 

Specific Rate Constant  (min.-l)  Observed in the P^olysis 
of Some untreated Cellulosic Fabrics 

at Different Temperatures 

,; Te^t^oc.,,      m m 21S 320 ^ ^ ^ 

Cotton Khaki .0186 m<co 

I gnir—      ;-   -03-    Z   .cs   :|| 
.|  £      ^ -0704 :^S ^3   .1570   .322C 

aThe cotton was obtained through the kind efforts of Dr. Ramon Esteve. 
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Figure 7. First-order pyrolysis of untreated linen fabric 
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TABLE II 

Activation Enthalpy (Energy) Observed in the Fyrolysis 
of Some Untreated Celluiosic Fabrics 

Sample 

Cotton khaki 

80 Sq. cotton 

Linen 

Rayon 

TABLE in 

Specific Rate Constant (min.-1) Observed in the 
Pyrolysis of Treated Cotton Khaki Fabric 

at Different Temperatures 

220 Temperature (OC.):    260 220 280 290 

2.8^Na2G03 '011~ .018 .021 .030 

1-6^KC1^ .020 .036 

^NaC1 .021 .03^ 

Radiant Energy Decomposition of Cotton Fabric 

An evaluation of the effect of radiant energy on untreated and 

variously treated cotton fabrics has been started.    The apparatus for 

this study has been described previously^.    The treatments were applied 

at this laboratory and at the Quartermaster Research & Development 

Laboratories.     In Figures 9 and 10 are given the variation of per cent 

char with time for the samples studied.    The decomposition was completed 

in an inert atmosphere of nitrogen. 

The procedure, described previously1,  for measuring temperature 

behind the samples during exposure to radiant energy is under investigation. 

The apparatus consists of a one mil platinum-rhodium gold-palladium 
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thennooouple.  incorporated within .. Teflon mount,    AVapid reSponse 

£ -ordin. potentWter . used to record the e> m, f^ ^^ ^ ^ 

hot junction of the themocouple<    At ^ ^^^ ^ ^ ^^ ^ ^ 

been developed to give reproducible results. 

^mmm^^^m^mL^s^M „ „■„„ ^^Msmmmm 

of untreated ^nd^re_atad Cotton ^hri.,. An important phase of the 

evaluation prosrara is the conpari50n of ^^ ^ ^^ ^ 

the pyrol3rtic decorcposition of untreated ^ ^^ ^^^ ^ ^^ 

rates.     Three different rr,tes of decomposition ^ ^ ^ ^^ 

1.    Slo^^naee.    ^ sa.ple.  contained in a constricted test tube 
the upper part of which ^ packed ^ ^ ^^ ^^ ^ ^ ^    ' 

a furnace at room temperature in a oosi+ion r^v. +v, uit m a positxon for the recovery of tars by 
ao^a dlstlllatlo„. ., sll?htly roduoed pressure was ^^^ (56o_ 

570 ».). The ^^ m heatod tt) Wo0 c- Oo ^^^ ^ ^ ^ 

composition continued a+ +1,^+  * 
ntxnued at that temperature for an additional 60 minutes. 

2.    ^t furnaco.    The apparatus and procedure for this method was 

as described except that the furnace was preheated to ,00° C.  before 

Introduction of the sample. 

grMtest ^ of toldent emrgy for ^^ ^^^^^^    The ^^ 

»ere c^letei „^ a ^ of „^^ ^ ^ ^ ^ ^ ^ ^^^ 

m^tta OOMU.O. a^ ^„^ the oolleotlon of ^^ ^ a ^ ^^ 

»ool tr.p.   A5 ln the oase of the furnac(! docoinposltioni ^ ^^ 

onorg. 0^^ „^ oa„ted ^ ^^ ^ ^^ ^ ^^^ ^ 

Insure conplote degrsdetion. 

The reeults obtelned ore listed In Table 17. 

The reeulte obtel„ed lndlc8te ^ as ^ riite ^ ^^ ^ 

ZZ" T a"ount of'" prod"oed locr88ses-4—"»-= -— ior the carbon black +r•P^'.+Q^ ^^ -, 
treated sample because the treatment reduced the amount 

of energy reflected from the sample. f 
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Figure  Q.    Variation of char with time in the radiant enera-r de- 
cornposxtxon of untreated cotton sateen fabric. 8.5oz.    0G-107    n+ 
an irradiance of 5.3 oal.  cm."2 sec.-■L o z.f  uu xu/,  at 
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